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1.0 INTRODUCTION
This procedure is based on IEEE P1526/D1, Draft Recommended Practice for Testing the Performance of
Stand-Alone Photovoltaic Systems. The system performance is based upon how well it can charge the
battery. The usable battery capacity is measured by charging and discharging the battery three separate
times. The tests are designed to test the overall system performance in the span of about one month.

2.0 SCOPE
The test methods and procedures included in this document cover stand-alone PV systems. Procedures
provided are for conducting performance testing of individual components and complete systems. The
methodology includes testing the system outdoors in prevailing conditions and indoors under simulated
conditions.

3.0 DEFINITIONS
For purposes of this recommended practice, the following terms and definitions apply. IEEE Std 100-1996
should be referenced for terms not defined in this clause.
3.1 array to load (A:L) ratio – The ratio of the ampere-hours (Ah) produced by the PV array to the Ah
consumed by the load.
3.2 charge controller – An electrical device that protects the battery from overcharge. The charge
controller may also indicate system status and provide system protection, such as protecting the battery
from over discharge.
3.3 design month – The month in which the daily A:L ratio is minimum. This may not necessarily be the
month with the minimum number of sun hours.
3.4 hours of autonomy – The number of hours that the battery can provide power to the load with no
contribution from the PV array.
3.5 load – A device connected to an electrical system that consumes electrical power. Systems may have
multiple loads. Some loads may have built-in battery low-voltage disconnect protection.
3.6 low-voltage disconnect (LVD) – The battery voltage at which the load is disconnected to prevent over
discharge. The LVD is a determining factor for the usable battery capacity in the PV system.
3.7 plane-of-array (POA) irradiance – The solar power measured in the same plane as the PV array.
3.8 rated battery capacity – The Ah a fully charged battery is specified to deliver at a specified battery
temperature and discharge rate, to a specified cutoff voltage.
3.9 regulation voltage (Vr) – The maximum voltage that the charge controller will allow the battery to
reach under charging conditions. At this point, the charge controller will reduce or remove the array energy
from the battery.
3.10 solar insolation – The cumulative solar irradiance over a giver period of time in kWh/m2 .
3.11 standard test conditions (STC) – The accepted conditions under which PV devices are commonly
rated: 1000W/m2 irradiance at a spectral distribution of AM 1.5 and a 25°C PV cell temperature.
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3.12 sun hours - The equivalent number of hours of peak (kW/m2 ) sunlight received per day at a particular
location in the plane of the array. Sources of values for various locations and months can be found in the
bibliography.
3.13 usable battery capacity (UBC) – The measured Ah, before temperature-correction, that a fully
charged battery will deliver to the system load before reaching the LVD cutoff voltage.

4.0

EVALUATION PROCESS
4.1

COMMUNICATION WITH CLIENT
4.1.1 Record the following information from any company interested in testing their system in
the appropriate notebook:
4.1.1.1 Contact Person
4.1.1.2 Company Name
4.1.1.3 Address
4.1.1.4 Phone
4.1.1.5 Email
4.1.1.6 Short description of system to be tested
4.1.2 Inform the client what equipment is required for testing in accordance with IEEE1526. If
their system lacks any components essential to the test, a special testing arrangement is
necessary. This can only be done with the approval of Director of Testing and
Operations, Jim Roland, and the Principal Engineer in the Photovoltaics Program, Gobind
Atmaram.
4.1.3 Inform the client on the current limitations on testing: For the time being, FSEC will
only accept systems that have an STC rating no greater than 100 Watts DC and a battery
bank no greater than 200 amp hours for a 12 V system or 100 amp hours for a 24 V
system.
4.1.4 If the client meets the above criteria and decides to test their system, a formal contract is
composed.
4.1.5 All necessary equipment is then shipped to FSEC.

4.2

CATALOGING S HIPMENT OF EQUIPMENT
4.2.1 When the system arrives, fill out as much of the System Check-In Form as possible.
Then enter that information into a similar Excel spreadsheet to save it electronically.
4.2.2 Put an FSEC ID (e.g. FSECSAPV1, 2, 3 . . .) number on the PV Modules, Batteries,
Charge Controller, Inverter, and Loads.
4.2.3 Transport the system over to the SERES building at the Field Test Site for storage.

4.3

INSTALLING EQUIPMENT AT FIELD TEST SITE (FTS)
4.3.1 The system is to be installed in accordance with IEEE 1526. Test bed #16 at the FTS has
been designed to test stand-alone PV systems in accordance with IEEE1526. To ensure
the batteries or the loads do not interfere with the data collection process, they will be
installed in a container separate from the data acquisition system (DAS). The DAS is
designed to monitor all the parameters mentioned in IEEE1526.
4.3.2 The DAS needs to be in calibration before the test begins. Information on how to
calibrate the DAS can be found below. However, after the systems is installed and is
being monitored by the data collection system, the installer should ensure that all the
channels in the DAS are reading correctly. This can be accomplished by comparing the
output of each channel with a known reference. For this procedure, it is only required
that one data point falls within the range specified by IEEE1526. The entire range of
possible values for each channel need not be checked (this is done during calibration).
The values obtained during this procedure shall be recorded in the DAS Laboratory
Notebook.

PAGE 4 OF 6
FSEC PROCEDURE FOR TESTING STAND-A LONE PHOTOVOLTAIC SYSTEMS

4.4

TAKING DATA IN ACCORDANCE WITH IEEE1526
4.4.1 Data is automatically retrieved from the DAS on a daily basis by a computer set-up in the
Computer Laboratory. To ensure the data is being retrieved correctly, the downloaded
information should be checked daily. Data should be backed up both on a hard disk and
floppy disk (or equivalent). All collected data is off limits to unauthorized personnel.
Floppy disks and printed reports will be locked in a file cabinet in Room 222. Data
stored on hard disk will be password protected. Any problems should be reported to the
Photovoltaics Program Manager and the Quality Manager. The problems should be
addressed and rectified as soon as possible. If the problems will affect the test result, this
should be communicated with the client and reflected in the Final Report.

4.5

WRITING THE REPORT
4.5.1 The test report will include all the relevant information required by IEEE1526.
4.5.2 The report should include the following according to Section 5.10.2 of the Quality
Manual
4.5.2.1 Title
4.5.2.2 Location where test was performed (FSEC)
4.5.2.3 FSEC system ID number (FSECSAPV1, 2, 3 . . . )
4.5.2.4 Name and address of client
4.5.2.5 The test method used (IEEE1526)
4.5.2.6 Description of the item tested
4.5.2.7 When the test was performed
4.5.2.8 Names, Functions, and Signatures of Kevin Lynn, Gobind Atmaram, and Jim
Roland
4.5.2.9 Any deviations from IEEE1526
4.5.3 The report must also follow the document control procedures found in Section 4.3 of the
Quality manual, specifically
4.5.3.1 Date of issue and/or Revision identification
4.5.3.2 Page numbering
4.5.3.3 Total number of pages to signify end of document
4.5.3.4 Issuing authorities
4.5.4 Any electronic copy of the Test Report will be stored on hard disk and floppy (or
equivalent), and a printed copy will be filed as well.

5.0

CALIBRATION P ROCEDURES
5.1

5.2

Pyronometer
5.1.1 Since the pyronometer is calibrated here at FSEC, no other calibration is needed as long
as the Campbell datalogger is calibrated. Just make sure to use the correct multiplier
is used in the software.
Voltages: (Resolution of at least 0.01V, ±1%)
5.2.1 Equipment
5.2.1.1 Sorensen SRL-40-12 power supply (or equivanlent)
5.2.1.2 Calibrated Fluke 87 multimeter
5.2.1.3 Laptop with Campbell software or Campbell Keypad
5.2.2 Procedure
5.2.2.1 Disconnect the battery and the solar output from the Campbell. Connect the
power supply to the appropriate channel on the Campbell. Connect the multimeter to the
power supply. Dial an appropriate range of voltages (see below) and read the
instantaneous output from the Campbell datalogger using a laptop computer or a
Campbell keypad. Record all the data in the DAS Laboratory notebook. Make sure all
the measurements fall within the range of IEEE1526. If necessary, modify the Campbell
measurements within the software.
5.2.2.2 Range of Voltages
5.2.2.2.1 Battery bank
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5.3

5.4

6.0

5.2.2.2.1.1
12V nominal: 8V to 16V, 1V increments
5.2.2.2.1.2
24V nominal: 16V to 32V, 2V increments
5.2.2.2.2 Load (same as battery)
5.2.2.2.3 Module
5.2.2.2.3.1
12V nominal: 8V to 24V, 2V increments
5.2.2.2.3.2
24V nominal: 16V to 48V, 4V increments
Current (Resolution of at least 0.01A, ±1%)
5.3.1 Equipment
5.3.1.1 Sorensen SRL-40-12 power supply (or equivanlent)
5.3.1.2 Calibrated Fluke 87 multimeter
5.3.1.3 Laptop with Campbell software or Campbell Keypad
5.3.2 Procedure - Disconnect the load, battery bank, and solar array. Place the leads from the
power supply across the shunt. Place the multimeter in series with the power supply through the
shunt. Turn on the power supply and apply around 1V across the shunt. Insert the Campbell
keypad into the 10X to read the channel 7, which measures current. Using the multimeter as a
guide, dial in the appropriate range of currents with the power supply and compare the record
the output of the multimeter and the Campbell keypad. Discrepancies should fall within the
ranges specified in IEEE1526. This method will work up to 10 amps DC. Higher currents will
require purchasing a calibrated shunt for the data acquisition system.
5.3.3 Range of currents
5.3.3.1 0.250A, 0.500A, 0.750A, 1.000A, 2.000A, 3.000A, 4.000A, 6.000A, 8.000A
Temperature (Resolution of at least 1°C, ±2%)
5.4.1 Equipment
5.4.1.1 Calibrated temperature gauge
5.4.1.2 Campbell Keypad
5.4.1.3 Tape
5.4.1.4 Ice bath
5.4.1.5 Hot plate
5.4.1.6 Pyrex beaker
5.4.1.7 Magnetic stirrer
5.4.2 Procedure - Tape the ends of all the thermocouples to the thermocouple on the
temperature gauge. Place all the thermocouples in a ice bath and compare and record the
temperature readings from the Campbell (using the keypad) to the temperature gauge. Place all
the temperature sensors in a beaker of water with a magnetic stirrer. Place the beaker on the
hot plate and take temperature readings every ten degrees until reaching 70°C. Compare and
record the measurements of the thermocouples versus the temperature sensors. If the
temperature readings from the Campbell do not match those of the calibrated sensor within
1.4°C, modify the output of the Campbell within the program.
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